Border areas have provided significant new research questions as well as fruitful insights and hypotheses. The cognitive and neuropsychologic study of translation process is a good example of this kind. This paper has surveyed various researches on translation process. Studies related to "the black box of translation" are divided into two categories, i.e., studies adopting think-aloud protocols, and studies from the physiology and neuroscientific perspectives. It has been noted that those studies on translation process have made some progress in the past years.
Introduction
As Chesterman (2007) indicates, border areas have provided significant new research questions as well as fruitful insights and hypotheses. Consciousness or the cognitive and neuropsychologic study of translation process is a good example of this kind. After the prominence of linguistic and cultural approaches of translation studies, the cognitive paradigm was in full swing during the 1990s, whereas the focus of research has shifted from translation product to translation process.
There has been a long history for the studies on translation process. As Jääskeläinen (1998) suggests, "interest in the 'black box' of translation, i.e., the thought processes which take place when someone is translating a text, is probably as old as translating itself" (p. 265). As early as the 1960s, scholars on translation have already put forward various models on translation process (e.g., Hönig & Kussmaul, 1982; Nida, 1969) .
However, these theories have never adopted any experimental method. According to Toury (1995) , those researches "are all applicable in retrospect only" (p. 233). As LI indicates (2005, 2008, 2011) , due to the restriction of techniques and methods, translation process has never been fully explored until the 1980s. From the 1980s onwards, there has been a growing amount of research in this area. O'Brien (2013) 
Studies Adopting Think-Aloud Protocols
The method of think-aloud protocols is borrowed from psychology, which serves as a methodology for eliciting verbal reports as a valid source on thinking (Jääskeläinen, 1998) . By adopting think-aloud protocols in translation, researchers first need to ask a translator to translate a text. The translator then has to verbalize his or her thoughts as much as possible. The performances of the participants are recorded by equipments, while the retrieved data are later transcribed for further analysis. Studies adopting think-aloud protocols have different concentrations, and here the authors have sorted them into four categories, i.e., studies on translation strategy, translation unit, and translation brief.
Studies on Translation Strategy
Studies on translation strategies have occupied the pivotal status of translation studies with think-aloud protocols (LI, 2005) . Scholars have adopted a process-oriented and descriptive viewpoint. In accordance with Lörscher (1991) , translation strategy is defined as "a potentially conscious procedure for the solution of a problem which an individual is faced with when translating a text segment from one language to another" (p. 76).
The conscious procedure implies that only the problems confronted by translators during the translation process could be treated as problems, and translation strategies aim to solve those problems, thus challenging the traditional approaches towards translation strategies (e.g., Wilss, 1982; Königs, 1987) . Jääskeläinen (1993) defines translation strategy as a process in relation to goal-orientedness and subjective optimality. In other words, translators adopt strategies as a means to attain their outcome during the translation process. It is found that professional translators adopt global strategies that concentrate on the overall style of target text, while non-professional translators seem to be in favor of local strategies that focus on actual operation.
Studies on Translation Unit
Before the emergence of think-aloud protocols, translation unit has been defined from a linguistic perspective. An early treatment by Vinay and Darbelnet (1958) takes translation unit as "the smallest segment of the utterance whose signs are linked in such a way that they should not be translated individually" (p. 352). As this definition has merely emphasized on prescriptive translation, and overtly focused on source text, it has been much criticized during the past years (e.g., Laviosa, 1998) . While in process-oriented translation studies, take cognitive translation studies for example, translation unit is viewed from a different perspective.
Think-aloud protocols have offered a possible solution to the study of translation unit (LI, 2005) . Jääskeläinen (1993) considers translation unit as the attention unit used for analysis during the translation process.
While applying think-aloud protocols, scholars have adopted a much flexible view towards translation unit.
Emphasis has been given to the segments which have been fluently translated. The segments could be either long or short, and may also vary according to the difficulty of the target text and the translators' processing speed (e.g., Gerloff, 1987; Lörscher, 1991 Lörscher, , 1993 Séguinot, 1996) . It has been found that experienced translators tend to apply longer translation units. Lörscher (1991 Lörscher ( , 1993 observes that language learners concentrate on words, while professional translators may either take phrases, sentences, or whole paragraphs as their translation units. Meanwhile, though emphasis is given to larger units, experienced translators would not neglect the processing of smaller units as well. Séguinot (1996) even suggests that professional translators take sentence groups as a reference system, without deliberate concentration on the equivalence between words or phrases. In comparison to the traditional viewpoints on translation units, studies adopting think-aloud protocols have offered a brand-new perspective. It is believed that translators do not work consistently on the pre-designed translation units during the process. In fact, the translation units they relied on are dynamic rather than static. Adjustments are made according to the actual situation whenever possible.
Studies on Translation Brief
Studies adopting think-aloud protocols also take the external conditions during the translation process into consideration. Cohen (1984) assumes that the degree of external intervention may influence the participants' mental process. However, he does not relate those factors in detail. As for translation studies adopting think-aloud protocols, the external factors may include environment, use of dictionary, translators' psychological traits, and translation brief, etc.. Fraser (1993 Fraser ( , 1996 defines translation brief as the consignor's specific demands to the target text. In
Fraser's (1993) study, she analyzes the data produced by 12 community translators during the process of translating government documents. She finds that for some translators, though translation brief is never mentioned, they would still assume an imagined one and apply it to the whole translation process. In a later study, Fraser (2000) further demonstrates the significance of translation brief. While translating non-formulaic texts and non-technical texts, the translators involved would seek to translation brief to determine the style of the target text.
In this way, translations could meet the acceptability criteria of target-language text. As for language learners, their cognitive and linguistic capabilities are still developing, they have less experience in translation evaluation, and their works would meet lexical or semantic acceptability criteria only.
Studies From the Physiological and Neuroscientific Perspectives
Due to the limitations of think-aloud protocols as well as the developments of science and technology, new approaches have been applied to the study of translation process, particularly those from neuropsychologic and cognitive sciences. Recent studies have become interdisciplinary and are closely intertwined with physiology and neurolinguistics. Advanced technologies that break the ground include eye tracking, electroencephalography (EEG) and functional magnetic resonance imaging (fMRI). O'Brien (2006 O'Brien ( , 2008 adopts eye tracking method to measure the cognitive load in translation tasks with the help of translation memory tools. By comparing different translation memory match types, he attempts to prove that eye tracking is an effective methodology for researches on translation process. Chang's (2009) study aims to test the validity of the Revised Hierarchical Model put forward by Kroll and Stewart (1994) , which argues that the translation of single words into the second language is more cognitive demanding than that into the first language. He employs both eye-tracker and fMRI scanner to provide neurological and physiological evidences. Meanwhile, the applicability of adopting these two approaches in translation studies has also been tested. He selects novice translators and interpreters as his participants, and identifies their physiological reactions and brain activation patterns. His study has shed some light on translator or interpreter training, and could be helpful for developing software which stimulates brain activities so as to assist learners in acquiring language skills. As O'Brien (2013) comments, "this was an early-stage study which recorded fMRI measures while participants silently translated" (p. 9).
Moser-Mercer (2010) draws on neurophysiology to her study of the plasticity of the brain. She summarizes various studies (e.g., Bontempi, Laurent-Demir, Destrade, & Jaffard, 1999; Golestani et al., 2006; Rinne et al., 2000) and assumes that "the brain is a plastic structure that will change in response to deliberate practice and the demands of skill acquisition on the way to the development of expertise" (Moser-Mercer, 2010, p. 282) . She labels three components of human cognition that are significant to the process of interpreting, i.e., control functions, knowledge representation in long-term memory as well as processing in short-term working memory.
It has thus been assumed that changes in cognitive processing could produce long-term changes inside the brain, which would be helpful to the explanation of the complicated process of translation and interpreting.
Conclusion
This paper provides a survey of studies on translation process, and demonstrates the interdisciplinary feature of translation studies. The cognitive dimension of translation studies focuses on cognitive processing, which has to be inferred from researcher's observation. The central issues in the studies include: decision-making processes, influential factors like translator's attitudes, professional experience, time allotted, routine or non-routine characteristic of the translation task, all of which Toury (1995) has termed as "translation act". During the past years, studies on translation process have made some progress in different respects. Firstly, the participants have shifted from language learners to professional translators or interpreters. Secondly, the purposes of the studies have gradually becoming specific. Thirdly, more rigorous methodologies have been developed, with more and more new technological approaches being applied.
After reviewing several studies, some research gaps have also been identified. First, the relationship between the translation process and the translators' personality has seldom been studied. It is likely that personality type may have some effects on the translation strategies adopted (e.g., risk-averse or risk-taking strategies). Further, as Toury's (1991) question on the interferential effect of verbal protocols on translation remains unanswered, the methodological framework still needs development so as to give an objective and natural account of the translation process. In addition, since new technological approaches have already been successfully applied to the study of translation process, how to best integrate or modify those approaches thus deserves further attention.
